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f UJ Effects of Uranium Mining and Milling 

on Ground Water in the 
Grants Mineral Belt, New Mexico. 
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ABSTRACT 
Ground-water coniamination from uranium mining 

and milling results from the infiltration of mine, mill, and 
ion-exchaiige phnt effluents containing elevated concentra
tions of radium, .selenium, and nitrate. Available data 
indicate that ndium concentrations in the discharge waters 
of a producing mine tend to increase siibstxntiall}' as the 
ore body is developed. Whereas natural kackgroand radium 
conccntrs,i:ons nre gcnerall}* about several picocurics/litcr 
(pCi/1), 100 to 1 SO pCin appciir in the cffluenis of 
operating mines. The dischaigc of .<ajc]i highly contaminated 
mine cffluent.s to streams and seepage from tailings ponds, 
creates a long-lived source of grounj-warer contamination. 
Seepage of mill tailings at two active mills ranges from 
126,(100 to 491.000 m'/yr aiul, to date, has contributed an 
estimated 2-100 Curies of uranium, radium, and thorium to 
the ground-water reservoir. The shallow aquifer in use and 
dovvngradirnt from another mill has been grossly 
contaminated with selenium, attributable to excessive 
seepage from a nearby tailings pond. 

Kadtum, selenium, nitrate and, to a lesser, extent, 
uranium, arc of most value as indicators of ground-water 
contamination. Cross alphu results arc not consistent 
indicators of r:idium or urajtium in water, although uranium 
does appear to be the principal contributor of alpli.i 
activity. Accurate rad:um-22<i analyses yield the most 
information for rad!<<lo)',ieal evaluation of drinking wjter. 

To tliic, nu adverse impacts on municipal ground
water supplies have been observed. However, industry-
s]w>nforcJ cnviror.jneiital moni'oring prognunsarc 
in:ide(|i<3icly designed and implemented, and m.ay not 
define tlie full, long-term imp-̂ tet of mining and milling 
oper.itions on the ground-water quality of the study area. 
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INTRODUCTrON 
At the request of the New jMe.\ico Environ

mental Improvement Agency (NMF.IA), Region V 
of the U.S. Environmental Protection Agency 
(USEPA) arranged for a water quality .survey in tlv 
Grants Mineral licit in northwc.<tcrn N'trw Mexico. 
As of 1974, this area coniaincil about 42 percent 
of the V.S. reserves; ami in 1975 proihicciJ 5,500 
tons of uranium conccntraic, or jpproxitnatcly 45 
percent of U.S. production, llic follrtwinji mining 
districts dominate the Grants Mineral Hdt: Church 
rock on the west, Grants-Ambrosia l..akc in the 
center, and I'aguaie-Jackpilc on the cast (I'igurc 1) 

Whereas the jntlucncc of uranium mining and 
milling on surface-water quality and .si ream biota 
has been docimiented (Anderson ct •»/.. 1963; Sigle 
e ta i . l966;'\sivog\ouet,il.. 1956,1959. I960; 
and Wrublc cl ni. 1964), the effects on ground 
water are rather poorly understood. With the 
passage of the Safe Drinking \\'ater Act and 
increased interest in the preser\'ation of v/ater 
quality, there is a continuing need for reassessment 
of mining and mineral-processing operations 
because of their intimate association with ground 
water. Mention of ground-water cont.imination in 
New Mexico from uranium milling h contained in 
studies by 'J ^ivoglou and O'Connell (1962) and 
Clark (1974) and site specific, unpublished .studies 
in lite study area wefc conducteil some years ago 
by the New Mexico Department of Public Health 
(1957) and by Chavez (1961). 

Ground-water and surface-water vlaia were 
collected in l-Vbriiary-Marcb, J 975 hy the Office 
of Radiation Programs-Lts Vcg;u: Facility and the 
National Enforcement Investigations Center, 
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Fig. 1. Location of stud\' areas in the Grants Mineral Belt. 

rcspcctivcl)'. This paper is a condensed version of 
an extensh·e report submitted to Region VI 
(Kat1fmann eta/., 1975) which, in turn, reported 
the entire study results to the ~tate (U.S. 
Environme~tal Protection Agency, 197 Sb). 

GEOLOGY AND HYDROLOGY 
The principal bedrock and alluvial -stratigraphic 

units in the Grants Mineral Belt range in age from 
Pt.•Jmsrlvanian to Recent (Hilpert, 1963). f-igure 2, 
which is a generalized geologic cross section through 
the Grants and Ambrosia Lake areas, portrays 
these units and the dominant structural feature 
which is the.Chaco slope developed on the north 
flank of the Zuni uplift. Conditions in the Church
rock area arc essentially the same. 

Due to the scarcity of perennial surface-water 
bod!es, ground w::.tcr is the principal source of 
water in the studr .arc3.. Industrial, municipal, stock, 
and priYatc domestic wells tap both bedrock and 
alluvial aquifers. In general, wells of low to moder
ate producti\•ity are possible in the unconsolidated 
valley fill which constitutes an aquifer, primarily 

Sl'i 

e 
along the broa.J valleys of the Rh) S:m jose nnd 
the Rio l'ucrco. Numerous shallow domcst~t wells 
somh and smahwcst of the United Nudenr
Jiomcstnkc Partner:; mill north of Milan also tap 
thc sh:tllow, unconfined aquifer. The principal 

·bedrock aquifers arc the San Andres Limestone 
and the Westwater Canyon Member of the 
Morrison Formation. 

GROUND-WATER QUALITY 
For about the last 20 years, uranium mining 

and milling activities in the Grants Mineral Belt 
consisted of underground and open-pit mining and 
alkaline or acid-leach· milling. Active tailings piles 
arc present in close 3Ssociation with three actin· 
mills run by th.e Kermac Nuclear Fuels Corporation 
(Kerr·i\1cGee), the United Nuclear-Homcstakc 
Partners Corporation, and the Anaconda Company.· 
Inactive tailings piles arc related to the oow 
inoperative United Nuclear-New Mexico ·Partners 
and Phillips mills located just north of i\1il.m and 
in Ambrosia Lake, respectively. In recent y<"ars, 
increasing use has been made of ion exchange 
plants to recover uraoium from mine dr:!inagc 

·water and from injected fluids introducr4Jor 
solution mining. 

The variety of mining and milling operations 
in the study area and the paucity of hydrogcob.:_!ic 
and water quality data neces:-:itate that the follov:
ing discussion be regarded as a preliminary a~sess
ment. For example, the hydraulic and water qn:Ility 
effects of solution mining and dcwa~ering of ore 
bodies are scarcely known outside industry cirdes. 
Similarly unknown is the extent of dewatering of 
the ore-bearing formations, chief of which is the 
Westwater Canyon Member of the .Morrision 
Formation. To a lesser extent, the overlying strata 
such as the Dakota Formation are <~:lso affected. 
In the Churchrock area, the static w·,.ucr level in an 

~SH'f---

f Fiu. 2. Generalized !JN.Ilt•oic section fr~m Dluowater to Ambrosia Lake. 
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inacti\(" mine i'i dcd:ning about 0.3 meter JH:r 
monlh dnc to dcw:u~ring at the nearby UnitcJ 
Nudcar and Kerr-.\kGcc mines. 

Di!.charge of the mine water rnrno;forms nearby 
dry washes and ephemeral streams (H.io Pucrco, 
Arroyo del Puerto, and San Mateo Creek) into 
perennial ones. Water introduced to these channels 
pcro;ists until the losses due to bed infiltration, 
evapotranspiration, and diversion equal inflow. 
Infiltration of such waters to shallow alluvial 
aquifers may be adverse, depending on the quality 
of infiltrating water relative to ambient water 
qualit)' in the aquifer, and the use to which shallow 
ground water is or will be put. 

Concentrations of selected radionuclides, as 
well as gross and trace chemical constituents, were 
determined for 71 wells in the study area. The data 
plus itwcntory information concerning well loca
tions, stntic water levels, well depths, and water usc 
arc contained in Kaufmann et at. (1975). 
Unequivocal bases for distinguishing truly back
ground water quality conditions in an area of 
uranium mineralization do not exist. Variability in 
radionuclide concentrations is particularly 
pronounced in areas underlain by mid to late 
.Mesozoic clastics. However, distinctions can he 
drawn between such units and Paleozoic or early 
Mesozoic strata. By comparing gross, trace, and 
radiochemical parameters in conjunction with 
hydrogeologic conditions and land/water use 
patterns, reasonable inferences can be made 
concerning natural and contaminated water 
quality. Selected radiot.·hcmical data, which were 
of chief concern in the ground-water portion of the 
study, arc shown in Taules 1 and 2. The data are 
discussed by study area and by the principal 
uranium mining/milling activities therein. Con
centrations arc shown in picocuries (pCi) per liter, 
with a picocurie equal to 10-12 Curies. A Curie 
equals 37 X l09 disintegrations per second or 
approxim.uely the activity of one gram of radium. 

Bluewai.er-Mi!an-Grants 
Acidic uranium milling wastes from the 

Anaconda Company tailings ponds and injection 
well enter both sh:&How and deep ground-water 
uodies in the Bluewater-Milan-Grants area. The 
s-outhci\stward flow gradient in the unconfined 
:1quifcr {Figure 3) wou!d cause contaminants to 
move toward points of withdrawal for irrigation, 
domestic. :md municip~tl U$<'. In the use of the 
injl'ctillll welt, there is conn~rn whether con
taminant') comin.lll" to n.:main co:;fined to the deep 
injection zone, ~s originally projected. 
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Fig. 3. Radium and nitrate concer.trations in sraund Wilter
Bluewater·Grants area. 

The New Mexico Department of Public Health 
(1957) noted that extensive migration of nirrate 
from the tailings ponds was contaminating the 
shallow aquifer. West (1972) stateo that excessive 
leakage in the period 1953-1960 necessitated 
adoption of the injection well alternative for 
effluent disposal. The ponds are underlain by 
highly permeable basalt flows covered in places 
with a veneer of carbonate-rich silt and clay. Direct 
com~ct of the tailings with the bas:llt and Jissolu
tion of the sitt and clay l:.lycr increase seepage. 

In l 973 and 1974, the average seepage rate 
was 1 SO,OOO cubic meters per year (m3/p) 
compared to an average injection rate of 34-H.OOO 
m3 /yr (Gray, 1975); thus, the ratio of s~~epagc to 

i11jection is 0.52. Usin~ this ratio and the injc.:crion 
volum~ (Gray, 1975; \\'est, 1972) total scepag~~ 
from 1960 through 197 3 is estimated to h:tw bt·cn 
1.9? million m3

• Altcrnardy, if sccp:tb~ is \aku
latt"d a!.. a percentage of inrlow to the ponds. 
approximately 8 percent (174,000 m3

) infib:wxl 

POL-EPA01-0001584 



0 ... .. ... 
·~ 

r-

Ida 

·ct 

n 

I s 

Table 1. Radiological Data for Selected Ground·Watcr Samples (Concentrations, pCi/1) 
Grants Mineral Belt, New Mexico 

L~r.d~ ~:..., · 
R.:;-b~or D'"'C"tot 1 ,,. 

'l.,!) \.~1 I •.S 
1~>1 l.•ll P·ll) 
If.: J? ~·!:W Stu:Jo Welt ~ 
0]3) Pa1u•te 'l,nicipal !:ell 

G,. .. .,ts--Dl·Jttwdt~r" ,!I"Pt 

9Qlt l•Jectt~n 11~11 
~"acM~t Cooopa•v 

9101 'lt. Taylor lllll Wo••s 
Old ~t. 66 

'll~l Prlnte ::ell 
9111 C & E Cnncr'!te 
~ 112 Grants ~itv Kall 
9115 rrtvat'! ot>ll 
911~ 'lilan !:ell No. I 
9117 ~•!tor 11~11 

ilnac~nd~ Cmp~ny 
9118 11~11 ''"· 2 

I.McMd• C"'J)any 
9119 11~11 !lo. 4 

Anacoru1a Cooopany 
S1ZO Medcan Camp 
9121 PrtvHe •ell 
9111 '•orth l'e\1 
91?3 £nqfreer'~ llell 
9124 Private 11911 
9125 LOS C"urc~ .. Blu ... ater 
91?~ Private ~:.,11 
9127 Private 11~11 
912~ rrivate !:ell 
9129 Prhate Well 

91~2 
910~ 
91~5 
91QS 
9107 
91·).~ 
9HH 
9113 
911~ 
91 )3 
9131 
91l5 
9116 

Private Wt?U 
rrtv•te Well 
Pn.ate !Oell 
Private 11!11 
l'ri•at.., ""11 
Fri•H• ~ ... n 
Pnvote 11<>11 
Prl vat" II~ II 
Prlv~te 11•11 
Privati! \Iolli 
11~11 IZ IJTiltO 
11<>11 D I~HP 
W~ll •l IJIIItP 

r,-~ro<h ~··~ 
9fJ.~ Fr .. Hl~ -.;o11 
91 H Pri•ate 11<'11 
9Ul rr1 vat~ ~pll 
92')! o,..;vo!tP -eH 
9202 Ca.mty l in• Stock Tank 
920) '••••Jo llinoJrolll 
920~ 1"1~•<oll Rar.d 
92r,; ~riv,ot~ \/ell 
9n5 rrlvat<> well 
92G7 O.'i·S·l2 
920~ 1:'1•4] 
97~9 1.'1·41 
921? '-'1·51 
9lll 111-411 
9!11 l.'i•Soepa1e Retu~n 
9t13 IC'!·~·Z 
9214 ~~ ... )&-1 
9215 1::-1-4~ 
5215 1.'1·47 
qnz '·"·~o 
9213 1.'1·5·1 
921~ r.'I·S-2 
lj J ll .... 'l·CI'Iur.-h,."~._ 

9tl7 ~•hat~ ... n 
9i!i F'rivd:.-:a t.f'll 
91!) Priv.-tte- R~>ll 

?H•l Frivl'C Well 
9U I Church•<x:t Vlll•~e 
9Hl Prtv"t~ \:~11 -
9;!3 "'"'" n QUll 
9~21) H.tr~gr•l:.a"d flo!t~ 

~~u.ct!·-~ .. z 
9l21 ; • Pu•rc!> Riy•r 

>ell.(•·~- II 
9~2:! Pu"!'r":l) ',l.:al t (Q"Ji-16 
91?J P1;uot;,.o:- ;:,,.,d 

>oii-CQ•."·5 
-;,•,N ~''otl:t ~ac1r ~P1l CP.r.w:.) 
qn~ h. L rfco-li"" 10o1l 

(:lP."!-1·, 

•2 • 6 
10 ' 10 
18 l3 
2 • 4 

62 .SQ() ,, ,100 

9 ~ ll 

7 ! 10 
7 t 9 

19! ll 
7 ! 12 

12 ! 11) 
1ea ' 41) 

29!) • so 
12 ! 11 

21 • 12 
12 ! 14 
Jl) !· l7 
ZO' 13 
16 • 12 
8 ' 10 
5 ! 9 

10 ! 10 
11 ! 11 

•1.6 • 1 

c) t 13 
lJ • 14 

WI • 30 
11 • 11 

2!.00 ! 200 
47 • 23 
39 ! l7 
31 • 17 
·~ • 18 
10 • 12 
8 t 11 

41)1) ! 10 
22 ! 16 

3 • II 
JQ ! ll 

cl.O 9 
110 • 4!1 
~~~ • 31 
11 15 
8 ' 13 1:o • (IJ 

56 t 25 
410 • 1?"1 

4'1 • lS 
•2.0 ! HI 

45 ! ?9 
•3.0 ! 15 

112.0110 '3,1).'1!1 
8 ' 32 

14 • )4 

\04 t 37 
45 • 25 
70 • 33 
zo, 24 
67 • 42 

\1) • ') 
6 • 8 

\4 • 11 
6 • liJ 
3 • 7 
9 • 9 

14 • 9 

12 • 1D 

17 • 10 
i • 9 

4 • 9 
24 • 12 

12 • ~~ 

l;fJr. 

1).31 ,f'? 
1.7 ,1)5 
3.7 .nc 
0.18 • • '12 

53 ' l 

0.13 ~ .Ill 

O.ll'J • .Ill 
1).?.4 , .nl 
0.(2 • • fll 
o.t~ • .nt 
0.14 •. Ill 
2.6 ! .l 

0.50 t .02 

o.zo ! .01 

O.Z7 • .02 
6.1 • .I 
0.17 ! .01 
0.26 • ,OJ 
0.0& •• 01 
0.22 •• 01 
n.11 : .01 
0.21 •• 01 
0.15 • .01 
0.14 •• n1 

0.19 •• 01 
D.Oll • ,1)\ 
0.05 •• Ill 
o.os: .Ill 
o. 72 • • 02 
o.34 • • nz 
n.n •. 111 
0.17 •• 112 
n.?6 • .111 
0.~1 • .Ol 
0.?4 •• •ll 
t.qz •• ~ 
0.11 •• 1';2 

0.11 • .nl 
O.l't5 • .Ill 
0.31 • ,'12 
3.~ .1 
0.)1'1 • ,02 
o.n7 • .ot 
0.14 • .Ill 
O.tq • .01 
O.M • .IJZ 
1.1$ •• 0) 
~.0 •. l 
1.95 •• 04 
ll.~li •• oz 
0.21) •• Ill 
4.9 •• l 
fi.fo ~ · •• 
1.111 .o~ 
2.~ .2 
0.64 •• ~2 
0.91 • .nJ 
0.34 •• '•? 
n.~9 • .ll<' 

O.f.R • .Ill 
O.M ' .0? 
o.n · .o1 
o.ln • .01 
11.17 •• 01 
n.H. • .or 
O.Rl • .IJ~ 

0.12 •• 01 

o.~~ · .N 
1').!,7 • ·"'" 

O.l7 • .0~ 
0.11 •• 01 

0.71 • ,Ill 

0.21 •. tl?'i 

0.10 ~ .072 

o.t'l, .ma 
0.1~ • ,081 
2.f> ! ,)1} 

().21 •• 0? 

o.ta , .o!l1 

0.33 : .IZ 
1).3!> •• ll 

o.91 , .Ia 
~. 44 •• ll 
0.28 •• 11 

11.87 ! .2? 

0.22 ~ffll 

0.1~ : Jltl7 
0.78 :)1 

•0.~71 

0.~~ t .ll 
0.~~ ! .15 

?.8 '.31 

~.n: ·.t'l 
0.~7 •• l! 
3.) ! .)~ 

1),)1) •• 11 

G,1 • .~!) 

O.J) ! .1? 
n. 7~ t .17 
1o.n • . t!> · 
6.~ •• 47 
1.5 •• 21 
2~7 •. )0 
1.4 •• 21 

r..n · .t~ 
0.34 .ll 
ll.7~ .17 

1.4 .?? 

0. IS • .0.1~ 
n.z~ • .10 
0.4? •. 1) 
0.311 •• 12 

0.11 •• ~1) 

0.31 .IZ 

tl ••• , •• 14 

-o.~Zl 
•O.IJI6 
c0.1116 
c0.018 

112 ,O!lO! l ,2CO 

d).028 
0.04~ •• '.1].9 

•'1.0072 
•'l.OU; 

o.sz •• 093 

•'1.0)1} 

<~"t).{\17 

•0.01)3 
11.0)4 •• 0?4: 
0.033 •• 026 

•0.1134 
0.04') •• !'131 

•0.034 

•'1.01!1 

•'l.021 
O.IJ(!! • .029 

c'J.')Il 
1).91 •• 11 
ll.'l26 , .all 

cl),t)37 

'1.3', • ,078 
!1.0(~ • .OJ"l 
0.13 

o.o)!; , .nzs 
o(J,(II~ 

0.113 •• 027 
•'1.02!1 

•'l.lll!; 

0.21 ! .0~6 
0.021 ! .019 

~o~r..?8 
•ll.IJ?l 
•11.111) 
l~l),n<JO•I,GOO 
•0.'1111 
<0.01~ 

0.11 ! .1)57 
0.1)/~ ! .113'1 
o.o>s· • .o3s 

•0.021 
•0.039 

O.llflft! .033 

•:'1.0)0 
•11.02R 
0.01l ! .03!; 

•0.044 

•fl.f129 

o.o11 , .r<? 
11.r6l !.M~ 

• !!. 112 
'Jl.f116 
• n.on 
<ll.OlO 

Sl ! 30 

•0.012 
O.tJI)94 ! .02\ 

•0.013 
•O.OO'll 

0. 54 ! .094 

<11.019 

<I).OIJ53 
<1),()1)31 
•O.Il'll\4 
•0.1)16 

• '1.1112 
•0.015 
•0.0?9 

•0.012 

•0.012 
•0.021 

•O.'ll'l 
!I.IH~ t .031 

•0.013 

•'1.042 

·0.016 
4'0.Gl6 
c 0.1!1 

•O.OZT 
•IJ.012 
•0.1)14 
•D.Cll 

•0.012 

0.21! .1)62 
~.cH 
•.on 

<.M68 
•.01P.I) 

171) ! 53 
•11.011 
<0.014 
~0.016 
'0.013 
•0.1Jli3 
•0.111~ 
•0.031 

~o.m9 

<0.1116 
d),IJ16 
•0.0\l 
•0.034 

•0.01~ 

•0.012 
<0.03~ 

cO. Oil 

o.Jt , .n 
o.:n , .11 
0.59 : .20 
0.39 ! .18 

0.55 ,.ts 
0.26 ,.1& 

0.30! .IZ 
7,) •. 9'1 

T.l :.31 

o.u! .11 

0.66: .&'5 
0.28! .17 
O.S1! .11 

. o.4e !'.t'f• 
•0.070 
cO.I'J 
o.:a,.u 
0.31! .I& 

l.O ! .9~ 
0.31: .I~ 

0.4') : .?~ 

l.l: .H 
()..31 •• 1~ 

2'.3! .£')> 

0.,5 •. ?~ 
0.1~ •. 41 

2.3 ! ~-I 

.... ~o; 
Q.H' .t) 
0.!12 ... i6 
0.22 ! .10 

0.61 ! .21 

•O.ll 
• 2'.? 
!1.6!1: .n 
0.;?~! .l'i 
2.1 ! .&l 
16')! 13(1 

•0.9! 
1).70 ! .2'5 

•0. 3~ 
0.?9 ! .21 
1.2 , .a4 
3.8 ! 2.6 

0.9& ! .64 

0.27 , .20 

ll.~r t .20 
o.n • .n 
<[L08) 
0.42 ! .11 

0.19 ! .16 

0.52 •• 15 
o.21: .to 

0 5~ : .)) 

Cnuct'nrratiClns ±two sigma counting t"rror, in pCi/1. Solurn·s of analysl'~: Environmt:nt:ll 1\\onitorin,: an,J Support 
L"lhnratory, USEPA: Ra-226, Th·230, Th·232,l'o-2lll. Natiun:tl Enforcement lnvc~lil!.llions Center, \.I~FI';\: (~ross alph:l, 
Ra·226. All analyses arc on the filtered sample and therefore rcprescnr the conccmrations aclUally in solution. 

CONFIDENTIAL POL-EPA01-0001585 . 
i 



"!"' -, 
\ .. 
I 

~ 
-~ 

S· 
I 
I 

I 

t 
i 
! 

Table 2. Uraraium Con .. atioo in S!!lected 
Ground-Water S.1mples1 (Concentrations, pCi/1) 2 
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91~1 Pri .. ~. 11~11 9,478 
9lll l'rf<4!~ l.rll 54 
913! 11•11 •Z·U'IHP ?7 
9ZOI Pri>~t~ llell 677 
9141 Chu•chroct. Vf Jlage 14 

1. Cc1centrat!ons ! twa sl~ma counting erro~. tn pCf/1. 

2. Sourcn o! analyses: Isotopic ur•nl11'1·£nyiromenta1 :lO!litorlng Support 
lal>ara tory (USEPA) 

Ur~nfum-nal~trtl by national £nlcrcenent !nvest
igatiorts Center (US!P~), Denv~r, Cto1ora1o, 

in 1973 and 1974 (from data supplied b}' Gray, 
1975). Assuming 8 percent infiltration, and using 
infiow data from Beck (1975), seepage from 
1960·197 3 is estimated to have been 1.59 million 
m3

• AYeragiug both estimates, seepage from 
1960-197 3 is estimated to have heen.l27 ,000 m3/yr. 
From mill startup in 1953 through 1959, pond 
inflow equaled 13.01 million m 3

• Assuming 
8 percent seepage loss, 1.04 million m3 entered the 

. shallow potable aquifer in Bluewater Valley. In 
summary, total seepage for the period 19 5 3-197 3 
is estimated at 2.82 million m3 • Considering that 
from J 960 through-1973 the volume injected was 
3.7 million m3

, the seepage to injection ratio was 
0.76. In effect, there is almost as much water 
seeping into the shallow potable aquifer as there 
is being injected, thereby casting doubt on the 
efficiency of the tailings ponds for waste retention. 

Because of excessive seepage from the tailings 
, ponds in the period 1953-1960, the Anaconda 

Comp2ny Jeyeloped an injection well for effluent 
disposal. Anaconda and U.S. Geological Survey 
reports (Fitch, 1959; West, 1972) showed that 
geologic, hydraulic, and water quality conditions 
jusrified this disposal method. However, subsequent 
e\'alu;:rtion of the monitoring data and inadequacies 
in the number and location of monitoring wells 
neces5ii:atc rhat this condusi01i be reconsidered. 

The di~posal welt was drilled in the period 
January-;\\ay 1959. Continuous core samples from 
136 m~tcrs tn total depth (765 meters) were 
tested for porosity, permeability, and ion exch.mgc 

CONFIDENTIAL 

e 
ch2ract~·ristirs. Geophysical logs were taken fvr 
comparison with other lithologic and reservoir 
d;lta. The thkknc~s am] chararter of the geologic 
units penetrated, CIS well as the construction features 
of the well, arc summarized in Kaufmann et dl. 
(1 975). Detailed descriptions of the geologic 
formations and their transmissive properties are 
available (West, 1972). 

fi'rom 1960 to date, injection has been into 
the Ycso and Abo formations at depths of 289 to 
433 meters. Injection pressures of about 9 kg/cm2 

are developed from gravity head alone. The 
average injection rate from 1960 through 1973 
was 504 1/min (0.5 m3/min). Pretreatment of the 
injected waste consists of settling, filtration, and 
addition of chemicals to retard precipitation and 
plugging with organics (Clark, 1974). 

From January 1960 throug~ December 1965, 
1.9 million m3 of wastes with the following 
characteristics were injected (West, 197 2}: 

mg/1 otber pCil/ tM.rl Curi.·s 

chl<lridc 2,010 
nitrate 105 

sodium 1,390 

TDS 13,2CO 

pH 2.5 
uranium {natural) 7.34~ l3.R9 
Th-230 166,000 312.6 

Ra-226 292 O.U(i:! 

Although only intermittent data were a,·ailablc for 
the period from 1966 through 197 3, they provide 
some indication of variations in the qualit)' of water 
injected and {or) seeping from the tailings ponJs. 
Clark {1974) reported that the mean r<,tdium 
content from 1960-1969 was 221 pCi/l. In 1972 
and in the first half of 197 4, respective concentra
tions of 41.1 and 156 pCi/J were observed. At the 
time of the field survey in Februar)' 1975, the 
average for two samples was 40 pCi/1. Thorium-230 
is less variable. West (1972) reponed 166,000 pCi/1 
of Th-230 for 1960-1965 versus 294,000 pCi/1 in 
1972 and 192,000 pCi/1 in 1974. 

Reported uranium values vary from 7,340 
pCi/1 for 1960-1965 (West, 1972) to 21,400 pCi/l 
in February 197 5 (Table 2). Compan)' data for 
1972 and 1974 ~verage 13,450 pCi/1. 

Despite the \'olume of seepage from the 
ponds, contamination is not evident and the 
conclusion reached by the New Mexico D.:-p;trtnwnt 
of Public Health (1957) concerning the spre;.hl of a 
nitrate front is not horne out. Radium and nirr.ttc-
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concentrations in potable ground water that rould 
be affect~d by seepage from the Lailings are 
depicted in Figure 3. With the exception of the 
lkrryhill Section 5 well (station no. 9121) and the 
Anaconda injection well (no. 9021 ), radium-226 in 
both the alluvial/basalt aquifer and in the under
lying San Andres Limestone ranges from 0.06 to 
0.42 pCill, and is well below the proposed 
drinking water standard of 5 pCi/l (U.S. Environ
mental Protection Agency, 1975a}. If well no. 
9124 is considered as a background, radium in the 
alluvial aquifer decreases as a function of distance 
from the tailings ponds. The elevated radium lc\'cl 
in well no. 912 3 is possible if there is a local 
radial flow pattern centered on the tailings ponds 
and superimposed on the natural, southeast\vard 
flow gradient. Trends for nitrate, TDS, chloride, 
sulfate, and gross alpha data from the foregoing 
study, from the Anaconda Company (Gray, 1975), 
and from the present investigation, were plotted to 
determine changes in ground-\vater quality with 
respec_t to distance from the tailings ponds and 
with time. Well no. 9127, completed in alluvium, 
and the Mexican Camp well (no. 9120), which taps 
the Sa!l Andres Limestone, show essentially no 
change in TDS, sulfate, chloride, or nitrate for the 
period 1956 to 1975. The slight decline in TDS in 
well no. 9127 is contrary to what would qc 
expected if gross cont.unination was present. 
However, the similarity between gross alpha and 

b.: 1 ."/ 3'}2 .2 
293.9 ;::=:=::~~ 

· /TOTAL WASH WATER JNJEClED. 

-1- .. 

258.9 

!.0 ~ 1--: - -

r- f- -

sulfau· fluctuations for the Mexil-an C..amp wcli 
suggc!'>t!. that wastes mar be within the area of 
influence of the well. 

With respect to upward lcal~age associated 
. with the injection well, concentrations of chloride 
and uranium through time arc shown in Figure 4 
for two observation wells. The 1\\0Jiitor \\.'ell, 
located 91 meters norrheast of the disposal well, is 
191 meters deep. It fully penetrates and is open to 
the San Andres Lim,·stone-Gloricta Sandstone 
fresh-water aquifer. North well, 1.5 kilometers 
northwest from the disposal well, is 76 meters 
deep and completed in the San Andres Limestone. 
The increasing concentrations of uranium and 
chloride in the Monitor well may indicate leakage 
out of the injection zone. Uranium sc~ves as a 
tracer because it is not precipitated like thorium 
and radium when the carbonate reservoir strata 
neutralize the acidic waste. The conccntr:ttion of 
polonium-210 exceeds that in ~It other-wells in 
the Bluewater-Grants area and is well above the 
average of 0.3 3 pCi/l for six wells tapping bedrock. 

Nonh well is fairly stable, which may reflect 
the shallower compl~tion depth and an upgr:tdicnt 
location. Another well (no. 9121},locatcd one 
kilometer to the north and completed in the Chinle 
Formation-San Andres Limestone SC(.}Uencc, also 
shows essentially stable TDS and sulfate from 
1969 on and stable gross alpha from 1962 to 
present. 

313.9 le!1.3 - 1 
~ ~:::? 

thou~ilnd n,3 /ye.ar I .. I .. 
MONITOR WELL . ....._ , -(STATION ~t9i111 ,., ·-- ' ,.~ \~'- ..... • ·. I'" .. . '• . ,' .. _ .. ~ ..... . , ..., 

;o 

no 

- I - - -. 254.6 
I 240.:/ . 

:?29.1 - - - I 
~18.8 fWRTH l CIHORI[l£ -- ... J . 

\'JEll 
NATURAl URANIUM _.;... ISIATif>n --. r--

1' :\-
tJSIHI. .. - -

0 to 
0. 

~ 6.0 
z 
< 

"' 2 to 
< z 

0 

1. 0 

t. c 

.... 

-

r-

1-
i-

I 

-,..- -
-1-- f--

-- ~/ 
- f--

-- r--· 
~-

-

190.6 

- ~ 

~~ -

-f"!!" -
110.2 -

91.9 91.1 --·-=- .;...-· ---~ -......=...---

.. __ ... _ .. \,"'_ .. .... ··-·· ... ...... 
- -

- - -

- - - 110 

- - -
1\!Di1Tit 
W(ll 

.-~ ·~ - -r 10 

n -:-=-~-1~·60 l%1 1!lG2 l!Jiil 1!164 1%5 1!166 191i/ 1!1611 1969 1!170 19n 1972 1:113 

Fig. 4. Anaconda Cornpany injection voJumr::s and monitoring v.:e!l \'Jolter quality. 
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There arc m~jor deficiencies in the monitorin<r 
progran~s .1s~ociated with the Anaconda Company::
waste dt!-.posal operations. These inc.:lutle the lack 
of water quality data from the top of the zone of 
saturation in close proximity to the tailings ponds 
and the lack of monitoring wells completed in the 
injection zone. Jn effect, reliance is placet! on 
detecting contaminants after they have escaped 
from a restricted area/zone. 

In summary, widespread adverse water qualicy 
effects arc not apparent as a result of the Anaconda 
Compan}' disposal practices. This conclusion is 
based on ~tnalyscs for seven offsite wells (nos. 9118, 
9119,9124,9125,9126,9127, 9129) completed in 
allu\·ium and in bedrock and generally located 
peripheral to and within 4 kilometers of the tailings 
ponds. However, onsite Anaconda water-supply 
wells no. 2 and no. 4, located closer to the waste 
ponds, arc 69-118 meters deep and are complcrcd 
in the San Andres Limestone and possibly in the 
alluvium. Both wells show slightly increasing 
trends for TDS, chloride, or sulfate. lv~onitoring of 
the waste front in the injection zone is not under
way, yet there is evidence of leakage into overlying, 
potable aquifers. Positive steps to define 
conramin:.tnt fronts associated with both the 
seepage and the injection operation arc 
recommended. 

United Nuclenr-Homestake Partners (UNHP} 
r·.~ill and Surrounding Area 

The UNHP mill is flanked on the southwest or 
downgradicnt side by housing developments and 
irrig:ncd farm lands, both of which depend on local 
grounJ-water supplies. Seep:.tge from the pile proper 
and from the encircling moat enters the ground
water reservoir. Adjacent to the mill buildings is an 
inacth·e tailings pile that was formerly part of the 
llomestakc-New Mexico Partners mill (Figure 5). 
In all likelihood, seepage from this pile also resulted 
in contamination. 

Three distinct aquifers are present in the area 
of the mill and surrounding developments. In 
~sccnding onlcr, these include the San Andres 
Limestone, the Chinle Formation, and the alluvium. 
Water-table conditions and a soutlw;estward tlow 
gra.di~nt prc\·;ril in rhe latter, with static water levels 
about 15 :netcrs below land surf;tcc. The S::in Andres 
Limcstmw originally w:1s urH.kr artesian head, but 
heavy pumping ftlr irri~at ion a.nd for industry has 
remoH~! much of the ht:ad once present. Data 
p~t::'t'n< nl hy Go:·don (1961) im!icatc a downward 
flow gradicm, hur the pcrmcahi!it}' of the Chinle 
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Fig. 5. Radium, TDS, and chloride in ground water-United 
Nuclear-Homestake Pi!rtners mill area. 

Formation is low, and actual vertical water transfer 
is probably minimal. 

Geologic and hydrologic conditions arc not 
suitable for land disposal of milling wastes in that 
sandy soils and a relatively shallow water tabk arc 
present. Contamination of the shallow aquifl."r is 
indicated by several chemical and radiochcmic:tl 
parameters. 

The possibility of ground-water contam:n.uion 
due to the United Nuclc<1r-I lcmesta.kc Partw~s 
tailings pond was noted in the early 1960's V: 
Chavez (1961). Samples from on-site monito:-;ng 
wells completed in the alluvium containetl fro1~1 
0.8 to 9.5 pCi/l radium kss than two rears after 
the starr of milling. The normal range was 0.1 to 
0.4 pCi/1 in wells sc\·cral miles west of the mill and 
from wells in the alluvium Lctwccn Sa.n Raf.h:l 
and Grants. 

Radium concentrations in ground water 
(i'igurc 5) from the San Andres and Chinle r:1ngc 
from 0.05 to 0.27 pCi/l, with a mean of 0.16 
pCi/1 for six dctermin:.1tiuns. The peak value (rom 
shaliO\v wcJl:; tapping the water-table aquifer in the 
alluvium is 1.92 pCi/l in well D, the single active 
monitoring well (no. 913 5). Although below the 
EPA drinking warer ~tandard or 5 pCill, this v.1lue 
docs indicate movement of contaminants aw.1y 
from the tailings pond. Attenuation due \0 Sl''rption 
m.1~· mask a \'cry sharp concentration gradient 
hcnvccn rhis well and the pond. At a dist.mn· of 
approximately 0.6 kilometers from the p\"ln,!s, 
radium in the shallow aquifer rc\·crt~ to k\· .. ·\s of 
0.13 to 0.72 pCi/1 and averages 0.3G pCi/1, or :lbout 
twic~· that present in the bedrock rcscn·oirs ~1: 
depth. Hdat i\·dy high con~.:c:ntrati(.)il~ (0.7 2. 0.61 
pCi/l) in ncarhy wells (nos. 9107, 91 33) m;1y rd1cc[ 
plumes or fronts of cont~uninants t.h~\t have 
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adv:mred ahead of th(• main body through highly 
pcrmcahie zones in the alluvium. 

Total uranium in well 0 is about 500 pCi/1, 
compared to 10-20 pCi/1 in wells of comparable 
depth but loca.teJ :~bout twice the distance down
gradient from the mill. For compari:-;on, seepage 
from the mill tailings pile contains 52 pCi/1 
radium-226 and 101,000 pCi/1 (150 mg/1) U-natural. 

Elevated levels of polonium-210 are also 
present in well D (no. 9135) and in other wells 
(nos. 9102, 9106,9107, and 9113) downgradient 
from the mill tailings ponds. Background for 
polonium-210 is approximately 0.34 pCi/l (Table 1) 
in wells tapping either the Cliinle Formation or 
the alluvium, whereas concentrations range from 
·1.0 to 2.3 pCi/l in wells suspected to be contami
nated. The highest value (2.3 ± 2.1 pCi/1) for 
polonium-210 was from well D. 

The most significant contaminant is selenium. 
As shmvn in Figure 6, downgradient domestic wells 
contain up to 3.4 mg/1 selenium or 340 times the 
recommended maximum for drinking water 
(National Academy of Sciences-Engineering, 1972). 
Concentrations are greatest in shallow wells and in 
wells closer to the mill. Although the background 
level for selenium is not fully defined, the deeper 
aquifers (Chinle, San Andres) contain< 0.01 mg/l, 
whereas the seepage collection ditches and the 
monitor well contain 0.92 and 3.5 mg/l, respec
tively. Data collected in the course of the study 
showed that selenium concentrations in ground 
water throughout the Grants Mineral Belt were 
generally 0.01 mg/1 or less. Prominent exceptions 
include the foregoing wells and seepage adjacent to 

the United Nucicar-Homestakc Partners mill. 
Elsewhere, mine and ion exchange pl:mt effluents 
averaged 0.027 and 0.15 mg/1, respectively at the 
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time of ~ampling. J\s a result uf widespread 
Sf'knium contamination, a cooperative State
industry pro~:,rr:un is underway to pro\•idc alternate 
potabk water supplies for the local populace. 

Ambrosia Lake Area 
Jn the Ambro!»ia Lake area, cont~mfination of 

shallow ground water results from infiltration of" 
(1) effluents from the tailings ponds at the Kerr
McGee mill, (2) mine drainage water that i~ 
introduced to settling lagoons and natural water 
courses, and (3) discharges from ion exchange 
plants. Seepage from the now inactive Unit~d 
Nuclear, Inc. (formerly Phillips) mill railings pile is 
also undouhtc:dly present in the shallow subsurface. 
The ultimate effect of these waste waters on 
ground-water quality is unknown, hut probably of 
consequence only to the shallow, alluvial aquifer. 
It is unlikely that seepage will reach the bedrock 
aquifer (Westwater C:tn}'On l\1cmbcr) bccaus<.· of 
depth and due to intervening thick clay shales 
between the allu\'ium and the aquifer. 

The Kcrr-~\kGcc mill is located on the dip 
slope of a southeast-facing cuesta in an a.rt~a under
lain by a veneer of silt and day alluvium owr 
.Mancos Shale. A large network of t<til\ng!> pomls 
and water storage reservoirs was built b}' excavation 
and by sclccti,·cly sorting the coarse tailint!!• for 
retention Jams. Seepage from the ponds plm. 
discharge from mines and ion exchange plants now 
causes perennial flow in the southward flo~ving 
Arroyo del Puerto. 

Ground-water sampling in the Ambrosia Lake 
area focused on the Kerr-McGee tailings disposal 
operation and on the effects of various ion 
exchange plant and mine water discharges on 
ground water bcnc;lth San l\\atco Creek and Arroyo 
del Puerto. The streams represent line sources of 
recharge to th:: shallow ground-water rcser\'oir. Of 
the 22 wells sampled in the area (see Figure 7), all 
but 3 were part of the Kerr-I\\cGcc environmental 
monitoring network. The results of other ground
water monitoring programs, if any, nssod:.tr.:tl with 
mining in the area arc not reported to regulatory 
agencies. 

Se~·cral par .unetcrs clearly indicate the 
infiltration of w:Jstcw:ncr. Whereas shallow ground 
water beneath San Mateo Cn.·ck contains <lhtmt 
700 mg/1 TDS in the rc;tch above Arro}'O dd 
Puerto, the reach below has about 2000 m~/1. 
Ammonia innca~:cs four-fold from 0.05 to 0.22 
mr,tl, and nitr;Hc plus nitrite (as N) incrr-:tsl·s from 
!c.:.-: than 1 mgll to 24 mg/1. Nitraft:, dcrin-1! from 
verr high conccr::trations of-ammonia in tht! mill 
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Fig. 7. Radium concentrations in ground water-southern 
part of the Ambrosia Lake area. 

effluents, persists in shallow ground water. This 
is particularly true for shallow wells located cast 
of the ponds and along San lvlateo Creek, both 
abm·e and below the county line. Selenium and 
vanadium conc<-ntrations in ground water do not 
marked!)' increase ncar the tailings ponds. One 
exception is well KM-43 (no. 9208) which 
contains 0.29 mg/1 selenium as well as high 
radium and TDS. A nearby well (no. 9132) is 
also enriched in selenium which further substanti
ates the TDS, chloride, ammonia, and nitrate data 
results indicating contamination of the shallow 
aquifer. 

The concentration of radium in ground water 
in the vicinity of the tailings piles at the Kerr-1\lcGcc 
mill a\'eragcs 1.7 pCi/1 for the 12 wells sampled. The 
h-ighest concentration, 6.6 pCi/1, occurs at station 
no. 9213 near' the base of the seepage catchment 
basin. Although contamination is relatively local, 
water in the basin, per sc, contains 65 pCi/l radium. 

As in the qse of the Anaconda Company 
tailing~ ponds, there is question whether the Kerr~ 
McGee tailings ponds arc an adequate means of 
waste di~pos:1l. Company data for 1973 and 1974 
reveal that seepage from the ponds averaged 
491,400 m3/yr. Influent averaged 1.67 n1illion 
m 3 /yr. Therefore, 29 percent of the \\'aStes entered 
the t:round water an\1 the balance evaporated. The 
comp;my data indicate that the seep~1gc nne was 
fairly constant and averaged 1,348 m 3/day for 
1973 and 1974. 

Churchrock Area 
Hydrogeologic conditions in the vicinity of 
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thl· Churchrock mines b:tsically resemble those in 
Ambrosia Lake \\'irh respect to potential impacts 
of mining and milling em ground water. The 
potential for contamination of shallow ground-

. water resources is grcatl·st along the channel of the 
Rio Pucrco. Unfortun~ncly, wells specifically 
located for monitoring arc nonexistent and full 
reliance is placed on existing stock and water· 
supply wells. Although monitoring data can detect 
whether contaminated water is being put to 
beneficial usc, the program is markedly deficient 
in delineating the extent of contamination in 
aquifers not in use bur likely to be receiving waste
water. 

The Puerco River at Gallup was ephemeral 
until mining reached a scale such that waslcwater 
discharge \Vas sufficient to cause perennial flo\\'. At 
present the combined discharge from the UniteJ 
Nuclear and Kcrr-~\cGee mines, located as show·n 
in Figure 8, is about 16,000 m3/da.y and character
ized by 8 to 23 pCi/1 radium, 700 to 4900 pCi/1 
uranium, 0.01 ro 0.04 mg!I selenium, ami OA to 
0.8 mgll vanadium. 1 n terms of radium, sclc:nium, 
and vanadium. the drainage water is unfit for 
stock or potable uses anJ not recommended for 
irrigation. Infiltration of the mine wastcw,ncr 
represents a threat to potable ground watt•r in the 
vicinity of the Pw.:rco River and possibly p.lrt of 
the Gallup municipal suppl)'. At the present time, 
approximately 0.046 to 0.13 Curies per year oi 
raJium arc discharged to the river. The raJiurn is 
sorbed onto stream bed sediments and (or) 
infiltrates to the shallow water table. Because 
shallow ground \\'ater mosr commonl}' occors in 
valley fill deposits recharged by ephemeral streams, 
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Fig. 8. Radium concentrations in ground watcr-Ctillrchrock 
area. 
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there is :1 potential conflict between mine water 
discharge and development of shallow supplies for 
stock and domestic usc. Declining water levels in 
some of the deeper wells completed in t.hc Dakota 
ami Morrison Formations also result from dewater
ing of the ore bodies. 

To ascertain whether noticeable ground-w::.ter 
quality deterioration has occurred to date, sampling 
in the Churchrock area involved 13 wells located 
al(lng the Puerco River and Sour.h Fork Puerco 
River. Essentially all of the known avail a ole wells 
were sampled in the upper reach of the Rio 
Puerco. For control purposes, ground water in an 
adjacent watershed tributary to the Rio Pucrco 
was also sampled as was a new high-capacity well 
completely removed from the mining influences 
and serving the Gallup area. The sampling points 
included water used for stock, domestic usc, and for 
public drinking water supplies. Alluvial :tnd bedrock 
aquifers were sampled in an area of 200 km2 

located generally cast and northeast of Gallup. 
At present, none of t)1e ground-water samples 

contain sufficient radionudides to ronstiturc a 
heJ.hh problem. The radiochemical, trace clement, 
and gross chemica] data do not indicate that 
contamination of ground water is occurring as a 
result of the mining operati-ons underway. Two of 
the welts (nos. 9139 and 9221) contain 119.6 and 
62 mgll nitrate, respectively. However, mine 
drainage contains less than 4 mg/1 and is not believed 
to be the source. 

By comp:1.rison, the effects of mining on the 
conccntr:~tion of radium in ground water removed 
from the: mines is marked. Discharge from the 
Kerr-McGee minc.averages 7.9 pCi/l as compared to 
23.3 pCi/1 for the United Nudear mine. The latter is 
producing ore, whereas the former is still in the 
dc\•dopment stage and the ore bodies are not yet 
well cxpo!--ed. In both cases, elevated radium 
concentrations arc present. ln large part, these &trc 
attributable to mining opcrationr. and practices and 
do not represent natural water quality, evident 
from samph.:s of ground water collected fwm 
4 well~ :md 3 long holes, all in the Westwater 
Canyon Mcml>c:-r (Hiss and Kelley, 1975). Radium 
varied from 0.05 to 0.62 pCi/1 comparee.! to 0.28 
to 184.8 pCill uranium. An additional sample 
colkcttd in No\'t:mbcr 197 3 from the settling pond 
dio;charge at the United Nuckar mine contaim·tl 
8.1 pCi/1 r;!dium and I{..J-7 pCi/1 natur:tluranium. 

\(: l .Jhus, initial rwnetration aud dewat<-ring of the ore 
~ body incrl".l.~c:d radium at leas[ 13-folcl (8 + 0.62) 

k ' and ~ub~n!ucnt mine tkvck1pm~nt work over a 
CONFIDENTIAL-year perintl resulted in another thrce-foll" 
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Fig. 9. Radium concentrations in grou.nd water-Jackpilc
Paguate area. 

(23.3 + 8.1) increase. Compared to natural 
concentrations, radium increased some 3S times. 
If a t.rend similar to th:tt seen in the Ambro~ia Lake 
area pre\·ails, the ulrimatc radium conccntr:ttions 
should approach 50 to 150 pCi/1. lniti~tl st:tgcs of 
the trend are tentativclr confirmed by companr. 
s.elf-monitoring data. 

Jackpile-Paguate Area 
Sampling in the \'icinity of the Jackpilc

Paguate open pit uranium mine included four wells 
located as shown in Figure 9. One of these 
(no. 9233) is the Paguate municipal supply which 
is a flowing well located upgradient from the mine 
and completed in alluvium at a depth of 22.9 
meters. The remaining three were former explora
tion holes that were clc\•elopcd into supply wells. 
Water quality for the latter three wdls is probably 
n:prcsentative of the J nckpilc Sandstone ,\1cmbcr of 
the Morrison Formation, the prim~ipal on.~ bo.Jy in 
the Laguna mining district. With the exception of 
another nearby municipal well for l'.lgtt;ll<:, there 
were no other wells available for sampling in the 
area . 

Dissoh•cd radium in water from the J ;wkpilc 
S:rndstone aquifer ranges from 0.31 to 3.7 pC:i/1. 
The latter \'aluc is from the new shop wei\ which 
is a source of potable and nonpotabk w;ncr 
for the fucility. 

Slightly elevated POL-EPAo1.~6oCi15t9_1 l'-10 
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well (n0. 9231) and the new shop well (no. 9232) 
arc poss!l:!y rebted to mining operations which 
tend to increase levels of uranium antl radium in 
ground watt:r. Widc!!prcad di~ruption of tin: Jack
pile S:tndstone :md overburden. comuiiH.'d with 
]eachiug uy ground water, undoubtedly increase 
radium and uranium concentrations. Influent: 
ground-water conditions charactcri1.e the area 
insofar as the water·table gradient slopes southward 
and the water·lc\·c! contour pattern indicates 
recharge by the Rio Paguate and Rio .Moquino. 

·:j l 
j I 

Although the mine floor is generally above the 
water table, there are local areas where water is 
encountered. In the South Paguate pit, ponded 
water derived from dewatering of the pit faces and 
drainage from the angled drift mines now in 
development contained 190 pCi/l radium and 170 
pCi/1 uranium in August of 1970. At that time, 
water from the pond was being pumped into the 
Rio Paguate which flows southward into Paguate 
Reservoir and the Rio San jose. The absence of 

·1· i downstream wells precluded assessment of the 
. :l: t . effects of mine drainage on ground-water quality. 
·<~;I' . :W It i_s rccon:mendcd that additio~al shallow well · r Iff pomts be mstallcd and that sedtment cores from 
·'·<~ ·! 0 '~-Paguate Reservoir be taken for analysis o'f radio-
·-~· nuclide content. These data may provide a record 
.. ~1 of the lorig-tcnn effects of mining on sediment 

. -~1: 1. yield and water quality. 

SIGNIFICANCE OF RADIONUCLI.DES 
; I . I IN GROUND WATER 

Of the 71 ground-water samples collected, 
I 

1
i only one showed radium-226 in excess of the 

·' 5 pCill drinking water standard (U.S. Environmental 
Protection Agency, 197 Sa). This location is in a 
restricted area downgradient from the Kerr-McGee 
tailings ponds at Ambrosia Lake. At five other 
locations, the former U.S. Public Health Service 
guide of 3 pCi/1 radium is exceeded but quality is 
within the present EPA srandard of 5 pCi/1. 
Furthermore, the locations arc monitor wells in 
n:~tricted areas or arc irrigation or stock watering 
wdls. RaJium conccnrrations in municipal supplies 
in the study area ranged from 0.12 to 0.68 pCi/1 and 
arc \rcll below the drinking water standard. 

With rcspc:ct to the usc of 15 pCi/1 gross alpha 
as ::m indication of radium in excess of 5 pCi/l 
(U.S. Environmcntall'rotccrion Agency, 1975a), 
only one location would meet this cri~erion. 

~ Loc:ttion no. 9021 had a gross alpha activity 
· i (including ur:~nium isotopes) of 6:> ,500 pCi/1 and n 
i r:tdium-::~26 content of 53 pCi/1. At 33 locations 

COJNFIDENTIALxcludin~~ no. 9021) where gross alpha acr'vity 
t 
I 

• 
cwc.-cded 15 pCi/1, r;Hiium-226 contents ranged 
from 0.05 to ·L9 pC:i/1. The twq highest radium-
2?6 result<; {rot';!tions no. 9213 and 9121} of 6.6 
and 6.3 pCi/l ha\'C corresponding gross alpha 
dctermin:ttinns of 8 and 12 pCi/l. Furthermore. 
gross alpha acrivity determinations have large error 
terms which make data interpretation rather 
difficult. For this study, the gross alp-ha determina
tion does not appear to have any correlation to 
radium-226 content. The reason for the poor 
correlation between the sum of isotopic uranium 
concentration and total uranium (natural uranium) 
is unknown. For ground-water samples, suspended 
solids are absent or very low, thereby eliminating 
the importance of sample filtration. 

Since uranium, thorium and polonium~21 0 
contents fluctuate about background levels, routine 
radiological monitoring of potable water supplies 
might best be limited to analysis for radium-2.26. 
The usc of gross alpha determinations for routine 
surveil1ance of a water supply may not neCC!>S;Hily 
provide reliable data on which to base accura1c 
radiological assessments of the supply. 

Analysis of the flow and warcr quality cbtJ. ro 
ascertain radionuclide release to ground watc;· is 
shown in Table 3. Approximately 21000 ttJ 3,0\JO 
Curies of radioactivity have been introdun:d to the 
subsurf::tce by wasre disposal operations at t\\'o of 

·the three mills now operating in the Grants .\\iner.!I 
Belt. Not included in the data is the much grc;t~t:r 
activity in the solids fracrion. Estimation of th i<> is a 
separate problem which is currently being aJdrcss::d 
in another study Ly the Office of Radiation 
Programs. Although essentially all of the acti\·i:.y 
rclca!>cd to the. subsurface to date appears to be 
confined to presently restricted n;reas, there is an 
implicit and grave assumption that the s~mc will be 

Table 3. Dissolvad Radioactivity in Effluents from the 
Kerr McGee and Anacondil Company Uranium Mills · 

Tot.tl ~-vottr,.d,..,.. h•~ :t-:~t..':t 
:_111 A',!! ~"' .. !:11~-? ~rt.Jr~e __ ~f:.:.I""=.:{I.L..} __ _,(.C-;,{"-'i/..;..'io......... _ __,1 :..:.••-'"-'r~-

~ntJC"';.M.1" ~J~1tr•226 '~'-J'ie 2.817 125 o ... ,s~ 
(...-.oJny (i~l=Jl lnJ•<tlon 3.711 1?!> O.L;: 

T~':'rh..,"·(l'J SPCP·lCf!' 2.817 lSOJ)OO 42~ 

C>-~.:~1) I<.J~tllon l.Hl l!>O.O"JO 5~1 

C:~"J"l•P'" (na:.)~ Wrthl·j(> 2.811 JS.,OOO 41.) 

fnj~c t H:rn 1. lU 

7.66) 

l.ft&) 

7.£Sl 

n.~l l3~.~·ol1 ~~ 1 o=n 
·~ 1~5)2 O.P.n IQ.~'t) 
tw.non l.~s~ 

$.31'1 IHJa.,··a
7 ~--..L'.:i:.:_ 

Tot.Jil.)~:; (,,,c::i> 

(1}. ~1lh .. "-n ::,i~tC -tr:rs. fn.o S.Urt or o~~rc~tto-r tt,rJN>;It J:l~) 

(i) 'iJh,,.:. rt-.x:r! .. d t'·1 .,.ttir.nJI [nforc"'"-"t ln"<~~t"•ti1-f'!i'l'li (':."l"tPr !'.5iYA!. 

for s~c::J;t- t~'·"- t!"l: tJi ltr"J\ portd's. ar.o~ly!oi\ W.l\ for 1\~tbr.l: '*-'oJ"'J"" 

(l). l<::l' t·~(". )f'lf\ 

(,c}. J•.i.:f hv::>\ u..-,,.,. h·,-. 1,4R" 10., f~o~r U·211 to (.51 a 10fl ,~, .. ., r;:.r 

Enfor<;...,.nl '"'"'"·.r:oo,, PQL-EPAQ1-QQQ1592 
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true for man}' hundrc:ds of years to come. 
Estimation of the seepage rates in Table 3 

im·olvc!) seYeral b:~sic assumptions. For the Anaconda 
mill, it was assumed that seepage has the same 
quality ac; the injected waste. The aver:1gc 
concentration data shown arc simply reasonable 
cstinutcs based on the 197 5 measurements and 
various company <.bting from 1960. In the case of 
Kerr-McGee, seepage for 1973 and 1974 is assumcJ 
ro be representative of past conditions as are the 
197 5 water quality data. Obviously seepage rates 
ha\'e not been constant and seepage quality at the 
toe of the main retention dam may not be typical 
of area-wide conditions. Nevertheless, the calcula
tions arc believed to provide at least an approxima
tion of the magnitude of radionuclitle release. 
Because of sorption, not all of the activity is 
necessarily dispersed in the ground-water reservoir. 

It is apparent that the largest amount of 
activity consists of thorium-230. The half-lives for 
the three clements shown provide some idea of the 
temporal significance of the hazard presented by 
uranium mining and milling wastes. As for waste 
toxicity, a recent report (Midwest Research 
Institute, 1975) of w~1ste generation, treatment, 
and disposal in the metals mining industry statrd 
that "wastes produced and land-disposal by the 
uranium mining industry ... have the highc·st toxic 
haz:trdous rating of the ... industries studied." 

Because of the extremely long period over 
which such wastes arc toxic, it is fundamental that 
detailed ground-water monitoring data Le able ro 
determine and predict the extent of contamination. 
The stark contrast between a typical 20-year mill 
life and an 80,000-ycar half life for the dominant 
radionudide (thorium-230) necessitates a much 
greater forward look than is now evident in waste 
dispo!>al pmctices and preservation of ground-water 
q11::lity. As of 1972, some 99 X 106 metric tons of 
t:1ilings containing 60,000 Curies of radium-226 
were stockpiled in the western States from Texas 
to Washington. 

For tl1e period t 960-197 3, waste disposal 
practices of the Kerr-McGee and Anaconda 
Compan)~ mills introduced an estimated 200,000 

1!) kilograms of dissolved uranium to the subsurface 
via seepage and direct injection. Although it may 
be tmc;·cnnomical to effect recovery at the historic 

I prit·cs of SJO to $20/l;g of yellowcake (UJOs), 
It . recent eOlllracts for ddivery owr the next 5 years 
'') i im·oh·e prices of SRS/kg (Anonymous, 1976). For 

. i rt.l~'>w• of minl'ral conservation, if not economic 
4 ach-.mt:'.~l', recm·l·ry of uranium from WiiStcs 

CONFID~NTiAL'ciarcd \'lith prcscnr and future milling 
.. 
i 

• 
opcrat ions should pcrh:tps Lc more closely 
examined. 

RECOMMENDATIONS 
Several areas nt'I.:CS!>it:tting additional 

rescan.·h arc apparent from this study. These include; 
(a) delineating the effects on water re~ourccs of 
solution, shaft and open pit mining practices and 
dewatering of ore bodies, (b) thorough reevaluation 
of the injection method of wa~te disposal, (c) dcter
mi:-Jing the a<.lequacr of tailings ponds as a means 
of waste disposal, {d) assessment of the validity of 
gross alpha as an indication of the presence of other 
alpha emitters, (c) further research on the adequacy 
of geologic media for the sorption and retention of 
radionuclidc.-s, and (f) recovery of uranium from 
mill effluents. 
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